Purpose We evaluated the impact of postoperative body mass index (BMI) shifts on the quality of life (QoL) following total gastrectomy in patients with gastric cancer.
Introduction
Surgical resection of the primary tumor, as well as regional lymph node dissection, constitute the only curative treatment for gastric cancer [1] . Although surgical treatment is the only method to gain disease-free status in patients with gastric cancer, most patients who undergo gastrectomy may experience a deteriorated quality of life (QoL), which is affected by a variety of functional and nutritional problems [2] .
Patients who undergo total gastrectomy in particular tend to have greater deterioration of QoL, including poor social functioning, nausea/vomiting, dysphagia, dietary restrictions, reflux, and taste compared to patients who undergo distal gastrectomy [3, 4] . The QoL after gastrectomy tends to be lowest during the first year after surgery [5] [6] [7] . Additionally, weight loss is unavoidable in patients who undergo gastrectomy; it usually lasts for the duration of the first year after surgery, and most patients do not regain their preoperative body weights [8] [9] [10] . Various symptomatic nutritional or functional maladies after gastrectomy might lead to weight loss, and postoperative QoL changes in patients with gastric cancer might be closely connected to such weight loss. Thus, it is crucial to investigate any correlations between QoL and weight changes in patients who underwent total gastrectomy.
Among the diverse tools to assess QoL in patients with gastric cancer, the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire (QLQ)-C30, along with the gastric cancer-specific module (QLQ-STO22), have been used most extensively [11, 12] . The entire questionnaire has been translated into Korean and validated [13] .
There have been several investigations of QoL changes after gastrectomy in patients with gastric cancer using the EORTC QLQ-C30 and QLQ-STO22. However, most such studies compared QoL changes according to the different types of surgical procedures or the progression of QoL changes throughout the postsurgical survival period [2, 6, 7] . However, little is known about QoL changes according to body mass index (BMI) shifts during the postoperative period. Therefore, we investigated QoL changes during the first year after surgery in relation to BMI shifts, with the goal of providing better personalized medical care by revealing additional factors that could improve the QoL of patients who underwent a total gastrectomy.
Materials and Methods

Patients
Patients with gastric cancer who underwent curative total gastrectomy between January 2011 and December 2014 at the Kyungpook National University Hospital (KNUH) and the Kyungpook National University Medical Center (KNUMC) were enrolled. We excluded patients who experienced a recurrence within 1 year after surgery as well as those who died of other causes. Ultimately, 417 patients who completed the entire series of QoL assessments during the first year were analyzed.
The [14] . Fig. 1 shows the baseline BMIs of patients preoperatively and 1 year after surgery. Patients were divided into two groups based on their BMI shifts: group 1 (n=276) included patients whose BMIs were in lower categories compared to their preoperative classifications; group 2 (n=141) comprised patients who had maintained their BMI categories (n=137) or had shifted to a higher range compared to their preoperative BMIs (n=4). We also performed subgroup analysis. Subgroup analysis was classified as follows. Subgroup 1 (n=69) included patients with BMI change from normal to underweight. Subgroup 2 (n=163) included patients with BMI change from obese to normal BMI. Subgroup 3 (n=137) included patients who had maintained their BMI. Ki Bum Park, Impact of BMI on Quality of Life Postgastrectomy 
Surgery
Curative total gastrectomy, D2 lymph node dissection including total omentectomy, and Roux-en-Y esophagojejunostomy were performed in all patients. Reconstruction procedures were performed extracorporeally using circular staplers [15, 16] . After surgery, patients were managed according to a clinical protocol that included the intake of drinking water on the third postoperative day, followed by the initiation of a liquid diet on the fourth postoperative day and consumption of a soft diet on the fifth postoperative day. Patients were scheduled to be discharged on the sixth postoperative day.
QoL assessments
The Korean versions of the EORTC QLQ-C30 and EORTC QLQ-STO22 were used to assess the QoL. Patients were asked to complete the QLQ-C30 and QLQ-STO22 questionnaires preoperatively and at 1 year after surgery. The QoL assessment was based on the responses to all items in questionnaires as completed by the responders themselves when visiting the outpatient department. If questionnaires were returned with any responses missing, patients were instructed to complete such items. The raw values were linearly transformed into assessment scores ranging from 0 to 100 according to the manual provided by the EORTC. For A higher score represents a worse QoL.
Ki Bum Park, Impact of BMI on Quality of Life Postgastrectomy global health status/QoL and multi-item function scales, a higher score is interpreted as a high QoL and high/healthy level of functioning; however, on symptom scales and single parameters, higher scores reflect additional symptoms/problems. On the EORTC QLQ-STO22, a higher score is interpreted as a low QoL.
Statistical analysis
Differences in baseline characteristics between two groups were analyzed with Student's t test for continuous variables and the chi-square test for categorical variables.
Linear mixed models were used to assess how the surgery affected the changes in QoL between groups and over time. A p-value of < 0.05 was regarded as statistically significant. All statistical analysis was conducted using SPSS software ver. 22 (IBM Corp., Armonk, NY).
Ethical statement
The study was approved by the Institutional Review Board of KNUH and KNUMC (approval numbers: 2016-08-025 and 2016-08-019, respectively) and performed in accordance with the principles of the Declaration of Helsinki. The informed consent was waived. Table 1 shows the clinicopathological characteristics of the patients. There were no statistical differences in age, sex, comorbidity, previous surgical history, type of surgery, length of hospital stay, number of harvested lymph nodes, and pathological stage between groups 1 and 2.
Results
Patients characteristics
Changes of QoL according to BMI shift
Mean QoL scores preoperatively and 1 year after surgery in the two groups are shown in Table 2 . The global health status/QoL was improved after surgery in both groups. Functional scalesexcept for the emotional scaleshowed worse outcomes after surgery in both groups; the mean scores of group 1 were lower than those of group 2 at 1 year after surgery. Moreover, all symptom scales/category scores of group 1 patients were higher compared to their preoperative scores. Group 2 patients showed similar outcomes to group1; however, the mean scores for nausea and vomiting, insomnia, appetite loss, and constipation decreased after surgery. With respect to the EORTC-STO22, the mean scores of all scales and items increased after surgery, but the degree of increase was greater in group 1 than in group 2.
We also plotted the mean QoL score changes between the groups over time. Fig. 2 shows the changes in global health status and functional scales between the two groups; global health status and emotional functioning increased in both groups with no significant difference. Scales other than emotional functioning were lower in both groups after surgery, without significant differences. Fig. 3 shows the changes of symptom scales and categories between the two groups. The QoL due to gastrointestinal symptoms, such as nausea and vomiting (p=0.008), appetite loss (p=0.001), and constipation (p=0.038), decreased significantly more in group 1 than in group 2. Fig. 4 shows the changes in QLQ-STO22 categories in both groups. Of these categories, dysphagia (p=0.013), pain (p=0.012), reflux symptoms (p=0.017), dietary restric- tions (p=0.007), taste (p=0.009), and body image (p=0.009) were associated with significantly worse QoLs in group 1 than in group 2.
Comparing between subgroup 1 and subgroup 2, age was significantly older in subgroup 1 than subgroup 2 (62.1±10.7 and 58.3±11.5, respectively) and hospital stay was significantly shorter in subgroup 1 than subgroup 2 (10.6±3.3 and 12.8±10.5, respectively). In the aspect of QoL, the global health status/QoL (p=0.011), physical functioning (p=0.011), and role functioning (p=0.026) were significantly decreased in subgroup 1 than in subgroup 2. Also, when comparing between subgroup 2 and subgroup 3, characteristic of patients were significantly different in depth of invasion (p=0.001), stage (p=0.048), and chemotherapy (p=0.004) between two groups. In the aspect of QoL, nausea and vomiting (p=0.010), appetite loss (p=0.001), constipation (p=0.031), pain (p=0.016), eating restrictions (p=0.026), taste (p=0.015), and body image (p=0.034) showed significantly better QoL in subgroup 3 than in subgroup 2.
Discussion
The postoperative QoL in patients who undergo a gastrectomy is dependent on various factors, such as the type of reconstruction, extent of gastric resection, and surgical approach [4, [17] [18] [19] [20] . In terms of the extent of gastric resection, it is expected that patients who undergo total gastrectomy experience significantly worse QoLs than patients who undergo distal gastrectomy during the postoperative period [3, 4] . Furthermore, patients who undergo total gastrectomy more often experience impaired nutritional intake due to the absence of the stomach, which limits the amount of food that can be consumed in a single session and results in significant body weight loss [21] . However, the degree of body weight change after total gastrectomy may vary due to patients' individual factors such as preoperative individual characteristics, pathological characteristics, and the postoperative course. Additionally, the preoperative BMI status may influence nutritional outcomes.
Consistent with previous studies [4, 22] , our results showed that the overall global health status improved after surgery, and that the functional scale (except emotional function) decreased after surgery regardless of shifts in BMI. As has previously been shown [23] , emotional functioning might be related to depression caused by the initial diagnosis of cancer, and patients experience a feeling of relief from depression attributed to their disease over time. Our study showed improvements in emotional functioning after surgery in both groups. Functional scales might be more affected by the psychic domain than the somatic domain compared to symptom scales or QLQ-STO22. Our results showed no significant differences in functional scales regardless of BMI shifts after total gastrectomy.
With respect to symptom scales/categories and the QLQ-STO22, previous studies showed that patients who underwent total gastrectomy experienced nausea and vomiting, dysphagia, reflux symptoms, eating restrictions, dry mouth, and taste to a greater extent than those who underwent distal gastrectomy [3, 4] . A poorer QoL after total gastrectomy might be affected by the surgical procedure itself, but the degree to which the QoL worsens might be different depending on BMI shifts. Deteriorating QoL scales/categories were related to gastrointestinal symptoms and eating problems, such as nausea and vomiting, appetite loss, constipation, dysphagia, reflux symptoms, dietary restrictions, and taste. These symptoms are related to various conditions, such as preoperative patient characteristics, surgical methods, pathological characteristics, and the postoperative course. As our study design was to adjust for various conditions and other potential confounding factors, the differences in QoL between the two groups may be related to symptoms of body weight loss. Hence, patients who shifted to lower BMI categories after total gastrectomy ought to receive medical intervention to improve their gastrointestinal symptoms and eating problems. Moreover, it is important to reassure patients who fear eating because of dysphagia or who restrict their diets, and to assist them in changing their eating habits post-surgery to including smaller amounts of food while increasing the frequency of their meals.
Our data showed that body image was significantly poorer in patients whose BMIs fell after total gastrectomy. The EORTC QLQ-STO22 questionnaire included the query "Have you felt physically less attractive as a result of your disease or treatment?" Patients might regard weight loss as negatively contributing to their body image; this is true even if patients are in the normal BMI range after surgery. We posit that this might be related to concern about weight loss, which is one of the symptoms of malnourishment. Thus, patients who have a worse body image because of weight loss should be accurately assessed in order to clarify their BMI range. Additionally, it is critical that surgeons provide precise body composition data to patients, and identify those patients who have shifted to the underweight BMI category while reporting on their poorer body image score after surgery. Nutritional education and medical support are required for these patients. Moreover, reassuring patients regarding their body image is more important in those who shift to a normal or above normal BMI category after surgery.
Most patients who undergo total gastrectomy experience a BMI shift after surgery. The degrees of such shifts vary among patients with different characteristics. Our data regarding QoL differences according to BMI shifts after surgery might be clinically significant, as most patients who underwent total gastrectomy were in the underweight or normal BMI ranges. Approximately 20% of the patients were in the underweight BMI category after total gastrectomy; these patients ought to receive active medical intervention to overcome nutritional deficits and deteriorated QoL. The majority of patients were in the normal BMI range after total gastrectomy, including those who shifted to this group and those who maintained their BMI categories. However, even patients with normal BMI ranges after surgery may have different QoL statuses. Therefore, patients whose BMIs shifted to a normal range after surgery should receive reassurance concerning their QoL instead of symptom control and nutritional education; the latter is more important in patients who are underweight after surgery.
The subgroup analysis also supports the results of our study. When comparing subgroup 1 between subgroup 2, global health status/QoL and functional scales showed significantly better QoL in subgroup 2 than in subgroup 1. However, there were no significant differences between two groups in symptoms scale and STO 22. These results might be affected by the significant low age in subgroup 2 than in subgroup 1. In subgroup 2 and subgroup 3 analysis, subgroup 3 showed significant better QoL of similar items in our initial results than in subgroup 2. From the 2 subgroup analyses, it could be concluded that maintaining the BMI after surgery showed better QoL than decreased BMI after surgery. Some of the obese patients might experience relief of symptoms related to overweight because of loss of weight. Also, in a healthy population, they can experience a better QoL by reducing their weight. However, in cancer patients, patients with decreased weight after surgery might believe that patients' preoperative weight is considered to be a healthy weight, and it seems to have worse QoL than whose weight is maintained. Differences in the QoL due to weight changes may require a different approach to healthy population and cancer patients, as well as, maintaining BMI after surgery is crucial to patients who underwent gastrectomy for gastric cancer.
Notably, we did not observe a causal relationship between body weight loss and QoL changes post-surgery. Although our study design was to observe QoL change according to BMI shifting after surgery, poorer QoL might have an inverse correlation with body weight. In the first postsurgical year, significant changes in body weight and QoL might influence each other; therefore, it is difficult to determine a clear correlation or causal relationship between them. Since BMI is an objective index of body weight, we classified the patients by BMI shifts after surgery rather than by body weight loss. Further study is required to clarify the interrelationship between nutritional parameters (including body weight and BMI) and QoL after surgery.
As the distributions of BMI in Asian populations are distinctly left-shifted compared to those in Western populations, the results of our study should be validated in Western countries. However, we focused on the BMI shifts, not actual distributions, to study correlations with QoL changes.
In this study, there was significant difference in the percentage of patients who received adjuvant chemotherapy between the two groups. Adjuvant chemotherapy might affect to QoL. However, as postoperative 1 year is considered to be the time since the end of the adjuvant chemotherapy, the impact of adjuvant chemotherapy on QoL might be not significant. Also, there are few studies on the effect of adjuvant chemotherapy on QoL in patients with gastric cancer. Further study is needed to explore the impact of the adjuvant chemotherapy after gastrectomy on QoL.
In conclusion, patients have significantly different QoLs depending on their BMI shifts after total gastrectomy. Efforts to reduce such declinations in QoL should include intensive nutritional support and the restoration of dietary behaviors. Appropriate clinical and institutional approaches, as well as active medical interventions, are required for maintaining BMI after surgery. Moreover, patients should be well informed that their QoL may change after surgery, and surgeons should make an effort to reassure patients postoperatively.
